Introduction
============

Dengue virus is a member of the Flavivirus genus, which includes yellow fever, Japanese encephalitis, and other arthropod-borne viruses that cause human disease.[@R1] Dengue disease is transmitted to humans by several species of mosquito within the genus *Aedes*, principally *A. aegypti*. Dengue disease represents a major and growing medical problem.[@R2] The World Health Organization (WHO) 2009 classification divides dengue fever into two groups: uncomplicated and severe.[@R3] All four serotypes of dengue virus can cause clinical manifestations, ranging from a mild febrile illness to a life-threatening shock syndrome. Infection with one serotype is believed to confer immunity to subsequent infection with the same serotype, but it does not provide durable protection against infection with other serotypes.[@R4] Epidemics of different serotypes can circulate simultaneously and, therefore, an individual can suffer secondary and tertiary dengue infections. More severe disease is thought to be associated with secondary infection with another serotype.[@R5]

The incidence of dengue infections has continued to increase over the past two decades. The WHO estimates there may be 50--100 million dengue infections annually worldwide[@R6] resulting in \~22,000 deaths, mainly among children.[@R7] More than three billion people are at risk of dengue infection in over 100 countries,[@R8] many of whom live in urban areas of tropical and sub-tropical countries in the Americas, Southeast Asia and the Western Pacific.[@R9] The latter two regions account for 75% of the global burden of dengue disease.[@R10] In addition, disease incidence varies by age. In Southeast Asia, the incidence of dengue fever and dengue hemorrhagic fever is highest among children.[@R11]^,^[@R12]

In the absence of an approved, effective, specific treatment for dengue infection, control of the disease is reliant upon suppression of *Aedes aegypti*, or the development of appropriate vaccines. A dengue vaccine is not currently available. However, given the global scale of dengue disease and the expense of mosquito-prevention measures, vaccine development against the four serotypes of dengue virus responsible for the disease has become a global public health priority.[@R13]

Dengue vaccine candidates include a recombinant live attenuated tetravalent dengue vaccine (TDV).[@R14]^,^[@R15] This candidate vaccine (CYD-TDV, Sanofi Pasteur) contains four recombinant viruses (CYD-1--4), each of which has the genes encoding dengue pre-membrane and envelope proteins of one of the four dengue serotypes, as well as genes encoding the non-structural and capsid proteins of the attenuated yellow fever 17D vaccine virus.[@R16]^-^[@R18] These viruses possess the antigenicity of the parental dengue virus and the well-characterized replication ability of the yellow fever 17D vaccine strain. Previous studies of the CYD-TDV candidate have established that a three-dose, 0--6--12-mo regimen induces robust and balanced neutralizing antibody responses with a favorable short-term safety profile, in different populations and age ranges, in flavivirus-endemic and non-endemic countries.[@R19]^-^[@R23]

Dengue disease is endemic in Singapore, a city-state in Asia.[@R24] After two decades of successful management in Singapore that relied primarily on an integrated vector-control program,[@R25]^,^[@R26] there has been a resurgence of dengue disease.[@R27] The recent epidemiology of the disease in Singapore is characterized by a 5--6-y cycle; incidence rates increase within each cycle before declining for 1 or 2 y.[@R28] During 2010, 5,364 dengue infections were reported to the Ministry of Health in Singapore.[@R29] All four dengue serotypes have been detected by the Singapore dengue surveillance program, although the relative circulation frequencies of dengue virus serotypes change over time; for example, DEN-2 was the predominant circulating serotype at the time of the current study.[@R30] Seroprevalence surveys confirm a decline in the immunity level of the general population, providing ideal conditions for dengue transmission. Cases in adults predominate in Singapore. There has been a steady decline in the proportion of cases in patients aged \< 15 y, whereas the proportion in patients aged ≥ 25 y has increased in recent years;[@R31] in 2010, 92.8% of cases were in patients aged ≥ 15 y (76.4% in those aged ≥ 25 y).

The present study is part of a global dengue clinical trial program sponsored by Sanofi Pasteur. A multicenter, observer-blinded (for the first vaccination), single-blinded (for the second and third vaccinations), Phase II study was conducted in Singapore to assess safety and immunogenicity data from a large-scale population (n = 1200) across a broad age range (2--45 y old). The primary objectives were to evaluate the safety of CYD-TDV and to assess its immunogenicity in a subset of individuals by evaluating dengue virus serotype-specific antibody responses pre- and 28 d post-vaccination. The present study has a 4-y follow-up period to assess the persistence of vaccine immunity. This contribution presents the safety and humoral immunogenicity results for up to 6 mo after the last vaccination. Cellular immune responses and dengue virus cross-neutralization data observed during the study will be reported separately.

Results
=======

Participants
------------

During a 6-mo period (7 April 2009 to 8 October 2009), 1,199 participants were enrolled: 316 children (aged 2--11 y), 187 adolescents (aged 12--17 y), and 696 adults (aged 18--45 y). Of these, 1198 participants were vaccinated; 898 received CYD-TDV and 300 received a placebo control vaccine. The vaccination phase of the study was completed by 835 (93.0%) individuals in the CYD-TDV group and by 276 (92%) individuals in the control group ([Fig. 1](#F1){ref-type="fig"}).

![**Figure 1.** Progress of participants through the study: summary of dispositions and discontinuations.](hvi-8-1259-g1){#F1}

A total of 63 (7.0%) participants randomized to the CYD-TDV group and 24 (8.0%) from the control group did not complete the vaccination phase of the study. Forty-one patients (3.4%) voluntarily withdrew due to relocation or job commitments; 20 individuals (1.7%) were lost to follow-up, and 18 (1.5%) were withdrawn by the investigator due to protocol violations (mostly related to pregnancy). There were four discontinuations following serious adverse events (SAEs), three (0.3%) in the CYD-TDV group (acute leukemia of ambiguous lineage, tuberculosis lymphadenitis, and tension headache secondary to allergic rhinitis) and one (0.3%) in the control group (papillary thyroid carcinoma). There was one discontinuation after an adverse event (AE) in the control group and three for AEs considered related to vaccination in the CYD-TDV group: fever, rash, and worsening cervical spondylosis.

Baseline demographic characteristics are presented in [Table 1](#T1){ref-type="table"}. There were fewer males enrolled in the CYD-TDV group compared with the control group, especially in the child and adult groups.

###### **Table 1.** Baseline demographic characteristics of participants who provided serum for immunogenicity analysis, by age and vaccine group (full analysis set for immunogenicity)

  ---
   
  ---

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                  Age group                                                                                                            
  --------------------------------------- ----------------------- -------------- ----------------------- -------------- ----------------------- -------------- ----------------------- --------------
                                          **CYD-TDV** (n = 438)   **Control**\   **CYD-TDV** (n = 149)   **Control**\   **CYD-TDV** (n = 141)   **Control**\   **CYD-TDV** (n = 148)   **Control**\
                                                                  (n = 147)                              (n = 50)                               (n = 46)                               (n = 51)

  Male n (%)                              193 (44.1)              80 (54.4)      66 (44.3)               30 (60.0)      71 (50.4)               26 (56.5)      56 (37.8)               24 (47.1)

  Age, mean (SD), years                   17.8 (10.9)             18.2 (11.2)    7.8 (2.8)               7.7 (2.4)      14.9 (1.7)              15.0 (1.7)     30.7 (7.9)              31.3 (7.9)

  Height, mean \[SD\], cm                 148.9 (22.4)            149.5 (21.4)   123.3 (18.2)            124.5 (15.9)   160.9 (10.0)            160.7 (8.3)    163.1 (7.8)             163.7 (9.0)

  Weight, mean \[SD\], kg                 49.3 (21.9)             50.9 (23.0)    26.7 (12.3)             26.7 (9.9)     56.7 (15.9)             57.9 (16.1)    64.9 (14.9)             68.5 (16.3)

  Body mass index, mean \[SD\], kg/m^2^   20.9 (5.6)              21.4 (5.9)     16.7 (3.9)              16.7 (2.9)     21.7 (5.1)              22.1 (5.1)     24.3 (4.9)              25.5 (5.6)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Safety and reactogenicity
-------------------------

Reactogenicity was higher in all age groups after the first injection of CYD-TDV compared with placebo control, but tended to be lower or similar after the second or third injection of CYD-TDV than after administration of hepatitis-A or influenza vaccines ([Fig. 2](#F2){ref-type="fig"}).

![**Figure 2.** Age-specific reactogenicity of CYD-TDV: proportion of participants by age and vaccine group with different categories of adverse events after each vaccination. Control group participants aged \< 12 y at inclusion received intramuscular doses of hepatitis A vaccine and those aged ≥ 12 y received subcutaneous inactivated influenza vaccine.](hvi-8-1259-g2){#F2}

Solicited injection-site reactions after any vaccination were reported for 55% of participants in the CYD-TDV group and 67% of those in the control group ([Table 2](#T2){ref-type="table"}). Pain was most frequently reported after each of the three vaccinations, irrespective of vaccine received and the age group of the recipients. In the CYD-TDV group, the incidence of injection-site reactions was comparable after each vaccination (post-dose 1: 31.6%; post-dose 2: 37.8% post-dose 3: 36.2%) ([Fig. 2](#F2){ref-type="fig"}).

###### **Table 2.** Percentage of individuals (by age and vaccine group) reporting at least one injection site and/or systemic reaction after any vaccination (safety analysis set)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                 Age group                                                                                                    
  --------------------------------------------- --------------- ---------------- ----------------------- ---------------- ---------------- ---------------- ---------------- ---------------- -----------------------
                                                                **CYD-TDV**\     **Control (n = 300)**   **CYD-TDV**\     **Control**\     **CYD-TDV**\     **Control**\     **CYD-TDV**\     **Control (n = 174)**
                                                                **(n = 898)**                            **(n = 236)**    **(n = 80)**     **(n = 141)**    **(n = 46)**     **(n = 521)**    

  **Participants experiencing at least one:**   **Intensity**   **%**\           **%**\                  **%**\           **%**\           **%**\           **%**\           **%**\           **%**\
                                                                **\[95% CI\]**   **\[95% CI\]**          **\[95% CI\]**   **\[95% CI\]**   **\[95% CI\]**   **\[95% CI\]**   **\[95% CI\]**   **\[95% CI\]**

  **Solicited reaction**                        Any             74.9\            76.4\                   75.8\            66.3\            72.3\            69.6\            75.1\            83\
                                                                \[71.9, 77.7\]   \[71.2, 81.1\]          \[69.9, 81.2\]   \[54.8, 76.4\]   \[64.2, 79.5\]   \[54.2, 82.3\]   \[71.2, 78.8\]   \[76.6, 88.3\]

  **Injection-site reaction**                   Any             55\              67.3\                   60.2\            56.3\            48.9\            65.2\            54.4\            73.1\
                                                                \[51.7, 58.3\]   \[61.7, 72.6\]          \[53.6, 66.5\]   \[44.7, 67.3\]   \[40.4, 57.5\]   \[49.8, 78.6\]   \[50.0, 58.7\]   \[65.8, 79.6\]

  Pain                                          Any             53.9\            66.7\                   56.8\            55\              48.9\            65.2\            54\              72.5\
                                                                \[50.6, 57.2\]   \[61.0, 72.0\]          \[50.2, 63.2\]   \[43.5, 66.2\]   \[40.4, 57.5\]   \[49.8, 78.6\]   \[49.6, 58.3\]   \[65.2, 79.1\]

                                                Grade 3         1\               2\                      0.8\             3.8\             0\               0\               1.4\             1.8\
                                                                \[0.5, 1.9\]     \[0.7, 4.3\]            \[0.1, 3.0\]     \[0.8, 10.6\]    \[0.0, 2.6\]     \[0.0, 7.7\]     \[0.5, 2.8\]     \[0.4, 5.0\]

  Erythema                                      Any             7.2\             15.2\                   18.2\            13.8\            0\               0\               4.1\             19.9\
                                                                \[5.6, 9.1\]     \[11.3, 19.7\]          \[13.5, 23.7\]   \[7.1, 23.3\]    \[0.0, 2.6\]     \[0.0, 7.7\]     \[2.5, 6.2\]     \[14.2, 26.7\]

                                                Grade 3         0\               0\                      0\               0\               0\               0\               0\               0\
                                                                \[0.0, 0.4\]     \[0.0, 1.2\]            \[0.0, 1.6\]     \[0.0, 4.5\]     \[0.0, 2.6\]     \[0.0, 7.7\]     \[0.0, 0.7\]     \[0.0, 2.1\]

  Swelling                                      Any             4.1\             8.4\                    11.9\            10\              0\               0\               1.7\             9.9\
                                                                \[2.9, 5.7\]     \[5.5, 12.2\]           \[8.0, 16.7\]    \[4.4, 18.8\]    \[0.0, 2.6\]     \[0.0, 7.7\]     \[0.8, 3.3\]     \[5.9, 15.4\]

                                                Grade 3         0\               0\                      0\               0\               0\               0\               0\               0\
                                                                \[0.0, 0.4\]     \[0.0, 1.2\]            \[0.0, 1.6\]     \[0.0, 4.5\]     \[0.0, 2.6\]     \[0.0, 7.7\]     \[0.0, 0.7\]     \[0.0, 2.1\]

  **Systemic reaction**                         Any             62.6\            60.3\                   61.4\            51.3\            61.7\            60.9\            63.3\            64.3\
                                                                \[59.3, 65.7\]   \[54.5, 65.9\]          \[54.9, 67.7\]   \[39.8, 62.6\]   \[53.1, 69.8\]   \[45.4, 74.9\]   \[59.0, 67.5\]   \[56.7, 71.5\]

  Fever                                         Any             11.3\            7.4\                    20.8\            17.5\            15.6\            4.3\             5.8\             3.5\
                                                                \[9.3, 13.6\]    \[4.7, 11.0\]           \[15.8, 26.5\]   \[9.9, 27.6\]    \[10.0, 22.7\]   \[0.5, 14.8\]    \[4.0, 8.2\]     \[1.3, 7.5\]

                                                Grade 3         1.9\             1\                      4.2\             2.5\             2.1\             0\               0.8\             0.6\
                                                                \[1.1, 3.0\]     \[0.2, 2.9\]            \[2.1, 7.7\]     \[0.3, 8.7\]     \[0.4, 6.1\]     \[0.0, 7.7\]     \[0.2, 2.0\]     \[0.0, 3.2\]

  Headache                                      Any             45.1\            38.4\                   39.8\            27.5\            48.6\            41.3\            46.6\            42.7\
                                                                \[41.8, 48.5\]   \[32.8, 44.2\]          \[33.5, 46.4\]   \[18.1, 38.6\]   \[40.0, 57.2\]   \[27.0, 56.8\]   \[42.2, 51.0\]   \[35.2, 50.5\]

                                                Grade 3         3.8\             2.7\                    2.1\             0\               4.3\             2.2\             4.5\             4.1\
                                                                \[2.7, 5.3\]     \[1.2, 5.2\]            \[0.7, 4.9\]     \[0.0, 4.5\]     \[1.6, 9.1\]     \[0.1, 11.5\]    \[2.9, 6.6\]     \[1.7, 8.3\]

  Malaise                                       Any             41.8\            35.4\                   39.8\            31.3\            41.4\            34.8\            42.7\            37.4\
                                                                \[38.5, 45.1\]   \[29.9, 41.1\]          \[33.5, 46.4\]   \[21.3, 42.6\]   \[33.2, 50.1\]   \[21.4, 50.2\]   \[38.4, 47.1\]   \[30.2, 45.1\]

                                                Grade 3         4.3\             2.7\                    4.2\             0\               4.3\             2.2\             4.3\             4.1\
                                                                \[3.0, 5.8\]     \[1.2, 5.2\]            \[2.1, 7.7\]     \[0.0, 4.5\]     \[1.6, 9.1\]     \[0.1, 11.5\]    \[2.7, 6.4\]     \[1.7, 8.3\]

  Myalgia                                       Any             44.2\            43.8\                   40.7\            32.5\            42.9\            45.7\            46.2\            48.5\
                                                                \[40.9, 47.6\]   \[38.0, 49.6\]          \[34.4, 47.2\]   \[22.4, 43.9\]   \[34.5, 51.5\]   \[30.9, 61.0\]   \[41.8, 50.6\]   \[40.8, 56.3\]

                                                Grade 3         2.6\             2\                      1.7\             0\               0.7\             2.2\             3.5\             2.9\
                                                                \[1.6, 3.8\]     \[0.7, 4.3\]            \[0.5, 4.3\]     \[0.0, 4.5\]     \[0.0, 3.9\]     \[0.1, 11.5\]    \[2.1, 5.5\]     \[1.0, 6.7\]

  Asthenia                                      Any             20.5\            17.5\                   15.7\            12.5\            18.6\            15.2\            23.3\            20.5\
                                                                \[17.9, 23.3\]   \[13.4, 22.3\]          \[11.3, 21.0\]   \[6.2, 21.8\]    \[12.5, 26.0\]   \[6.3, 28.9\]    \[19.7, 27.2\]   \[14.7, 27.3\]

                                                Grade 3         1.3\             0.7\                    0\               0\               0\               0\               2.3\             1.2\
                                                                \[0.7, 2.3\]     \[0.1, 2.4\]            \[0.0, 1.6\]     \[0.0, 4.5\]     \[0.0, 2.6\]     \[0.0, 7.7\]     \[1.2, 4.0\]     \[0.1, 4.2\]

  **Unsolicited AE\***                          Any             31.8\            35\                     34.7\            38.8\            28.4\            30.4\            31.5\            34.5\
                                                                \[28.8, 35.0\]   \[29.6, 40.7\]          \[28.7, 41.2\]   \[28.1, 50.3\]   \[21.1, 36.6\]   \[17.7, 45.8\]   \[27.5, 35.7\]   \[27.5, 42.1\]

  **AE leading to study discontinuation^†^**    Any             0.7\             0.7\                    0.4\             0\               0.7\             0\               0.8\             1.1\
                                                                \[0.2, 1.4\]     \[0.1, 2.4\]            \[0.0, 2.3\]     \[0.0, 4.5\]     \[0.0, 3.9\]     \[0.0, 7.7\]     \[0.2, 2.0\]     \[0.1, 4.1\]

  **SAE^‡^**                                    Any             3.7\             3.3\                    4.2\             6.3\             5.7\             0\               2.9\             2.9\
                                                                \[2.5, 5.1\]     \[1.6, 6.0\]            \[2.1, 7.7\]     \[2.1, 14.0\]    \[2.5, 10.9\]    \[0.0, 7.7\]     \[1.6, 4.7\]     \[0.9, 6.6\]
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

N, number of all participants analyzed according to the safety analysis set; AE, adverse event; SAE, serious adverse event. \*AE collected within 28 d after each injection. ^†^Identified in the termination form as SAE or other AE. ^‡^SAE collected up to 28 d after vaccination 3 for this analysis.

In the adult sub-group, injection-site reactions were more frequently reported after influenza vaccination than after CYD-TDV vaccination. Most injection-site reactions were considered to be grade 1--grade 2 in intensity, and most were present for a maximum of 3 d. The only grade 3 injection-site reactions that occurred during the study were pain in nine (1.0%) participants in the CYD-TDV group and six (2.0%) participants in the control group; pain was more frequently reported in adults than in children ([Table 2](#T2){ref-type="table"}).

More solicited systemic reactions were reported after the first CYD-TDV vaccination (45.9% \[95% CI: 42.5, 49.2\]) than after the placebo control (37.0% \[31.5, 42.8\]); reporting rates were similar after the second and third vaccinations ([Fig. 2](#F2){ref-type="fig"}). Systemic events were more frequent in adolescents than in children or adults after the first vaccination with CYD-TDV or placebo. Solicited systemic reactions tended to decrease in adolescents (post-dose 1: 53.2% \[44.6, 61.6\]; post-dose 2: 30.9% \[23.2, 39.4\]; post-dose 3: 28.9% \[21.4, 37.3\]) but did not decrease after second and third vaccinations with CYD-TDV in adults and children ([Fig. 2](#F2){ref-type="fig"}). Headache, myalgia, and malaise were the most frequently reported solicited systemic reactions after each of the three vaccinations, whatever the vaccine received and the age group, followed by fever and asthenia ([Table 2](#T2){ref-type="table"}). Fever was more frequent in children compared with adolescents and adults after CYD-TDV or control vaccines. Most episodes of solicited systemic reactions occurred between Day 0 and Day 3 after vaccination, were usually grade 1--grade 2 in intensity, and were present for a maximum of 3 d. Of the few grade 3 or long-lasting systemic reactions reported, most cases occurred concomitantly with diseases such as upper respiratory tract infections or other infections.

There were 51 SAEs during the study, that were equally distributed both between the two groups (4.3% in each group) and throughout the 28-d post-vaccination period. Two SAEs may be of note. A 9-y-old boy in the TDV group was diagnosed with a tension headache secondary to untreated allergic rhinitis 17 d after the second CYD-TDV injection. Although the specific etiology could not be established, the timing of this SAE led the investigator to consider it to be "possibly related" to the study vaccine and the child was therefore withdrawn from the study. An independent data monitoring committee (IDMC) subsequently considered this SAE to be "not related." The second SAE of interest occurred in a 42-y-old woman who was hospitalized for 3 d with suspected dengue fever 152 d after the third CYD-TDV vaccination even though etiology was unconfirmed (see below). All other SAEs reported were assessed to be unrelated to vaccination; none were life-threatening and no deaths occurred.

Unsolicited AEs were reported by 17.0% (95% CI: 14.6, 19.7) of participants in the CYD-TDV group and 20.7% (95% CI: 16.2, 25.7) in the control group after the first vaccination. These proportions were similar after the second and third vaccinations (14.5% and 14.4%, and 11.2% and 10.7%, respectively). The most frequently occurring unsolicited AEs were "infections and infestations" (mostly upper respiratory tract infections) and "respiratory, thoracic, and mediastinal disorders" (mostly cough and rhinorrhoea), most of which were considered to be "not related" to vaccination.

Five AEs were rashes, all reported by participants in the CYD-TDV group. One adult participant with a history of childhood asthma, food allergy and G6PD deficiency, experienced a first rash lasting 8 d (grade-1 intensity) on the right side of neck one day after the first CYD-TDV vaccination, and was considered to be unrelated to vaccination. Eight days after the second vaccination this participant reported generalized rash over the neck, chest, abdomen, thigh and upper arm. Seven days later the event resolved after treatment. This case of generalized rash was considered as vaccine-related and the participant was withdrawn from further vaccination in the study. The other three rashes were grade 1 macular, maculo-papular or non-specific rashes that were considered unrelated to vaccination.

### Post-vaccination viremia and biological investigations for febrile episodes

No vaccine viremia was detected by quantitative reverse transcription-polymerase chain reaction (qRT-PCR) methods in the 28 participants (2.3%) who reported febrile episodes within 28 d post-vaccination. However, as serum for these analyses were collected up to 5 d after the fever onset, it is possible that viremia was missed. Most changes in biochemical and hematological parameters concomitant with febrile episodes were minor and transient, and were not considered clinically significant by the investigator. In one adult in the control group, fever developed 26 d after the third vaccination, and dengue infection was confirmed (dengue NS1 Ag-positive, dengue IgM-positive).

### Pregnancy follow-up

Of the 13 pregnancies reported, three were in women who were possibly vaccinated soon after conception (last menstrual period \[LMP\] close to vaccination (\< 15 d) and resulted in two normal births; one woman had an elective abortion because the pregnancy was unplanned. Of the 10 pregnancies in women vaccinated before conception, there was one spontaneous abortion at 4 weeks' gestation in a 23-y-old woman without risk factors (LMP \> 4 mo post-vaccination) and one ruptured ectopic pregnancy at 3 weeks' gestation in a 30-y-old woman with a history of a previous miscarriage and two live births (LMP \> 3 mo post-vaccination). Two women had elective abortions (unplanned pregnancies) and the remainder (n = 6) had normal births.

Hospitalization for suspected dengue disease
--------------------------------------------

One 42-y-old woman was hospitalized for 3 d with clinically suspected dengue fever, 5 mo (i.e., 152 d) after the third CYD-TDV vaccination. Fever (maximum body temperature: 39.2°C) did not subside after taking paracetamol and was accompanied by "whole body ache," headache, fatigue, malaise, nausea, and arthralgia in the knee and elbow. She was admitted to hospital for medical surveillance due to low platelet count (68 × 10^3^/µL) at which point she contacted the study site to inform them of the febrile episode, in accordance with the protocol. The case was classified as "probable" dengue disease using serological criteria but was not virologically confirmed according to the protocol-defined endpoint assays. Dengue screen qRT-PCR was positive but the endpoint assays (i.e., dengue serotype-specific qRT-PCRs and NS1 antigen) were negative. Dengue IgM and IgG were positive in acute (collected on Day 7 of the episode) and convalescent samples, but did not increase between the two. Serotype-specific 50% plaque reduction neutralization test (PRNT~50~) antibody titers measured 1 mo after the third dengue vaccination (i.e., 4 mo before this episode) were 209, 152, 155 and 403 for serotypes 1 to 4, respectively. PRNT~50~ titers in the acute and convalescent samples were more than 10-fold higher than these values (range: 3904--10703). This case was reviewed by the IDMC and considered to be possible dengue or chikungunya infection but was not considered to be severe dengue disease. Diagnostic tests for chikungunya and hepatitis A and C (i.e., anti-HAV IgG and anti-HCV IgG) were negative. This SAE was assessed to be not related to CYD-TDV by the investigator and IDMC, and the participant was allowed to continue in the study.

Immunogenicity
--------------

Baseline (pre-dose 1) and post-dose 3 (28 d after the third dose) data were available from 600 participants. Twenty-eight days after the third dose of CYD-TDV, in all age groups combined, seropositivity rates ranged from 77.1% to 94.1% for serotype 1 though serotype 4 ([Fig. 3](#F3){ref-type="fig"}), and geometric mean titers (GMTs; 1/dil) ranged from 43.0 to 100 for serotype 1 through 4 ([Table 3](#T3){ref-type="table"}). Seropositivity rates and GMTs against each serotype increased in each age group, after each CYD-TDV vaccination (data not shown). Seropositivity rates against serotypes 1--4 were higher in children than in older participants: 91.0--97.9% in children, 67.4--92.9% in adolescents, and 71.7--93.7% in adults ([Fig. 3](#F3){ref-type="fig"}). Similarly, serotype-specific GMTs were higher in children than adolescents, despite similar baseline GMTs in the two age groups ([Table 3](#T3){ref-type="table"}). Baseline seropositivity (PRNT~50~ titer ≥ 10 1/dil) to at least one dengue virus serotype was detected in 26.5% of participants (19.6% of children, 13.5% of adolescents, and 46.5% of adults) ([Table 4](#T4){ref-type="table"}). After the first vaccination, GMTs were higher against serotypes 4 and 3 ([Table 5](#T5){ref-type="table"}). After the second and third vaccinations immune responses increased against all serotypes so that after the third CYD-TDV vaccination, 66.5% of all participants were seropositive to all four dengue virus serotypes, 87.2% were seropositive to at least three serotypes, and 97.3% were seropositive to two or more serotypes ([Table 4](#T4){ref-type="table"}).

![**Figure 3.** Seropositivity rates (percentage of participants PRNT~50~ titer ≥ 10 1/dil) against each of the four dengue virus serotypes (1, 2, 3 and 4) at baseline and 28 d after the third vaccination in all participants and in each of the three age groups.](hvi-8-1259-g3){#F3}

###### **Table 3.** GMTs for each of the four dengue virus serotypes at baseline and 28 d after the third vaccination by age and vaccine group (full analysis set: CYD-TDV n = 438; Control n = 147; using participants available for each endpoint)

  ---
   
  ---

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                Age group                                                                                                
  ------------------------------ -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- --------------
  **Time point**                 **Serotype**   **GMT**\       **GMT**\       **GMT**\       **GMT**\       **GMT**\       **GMT**\       **GMT**\       **GMT**\
                                                **(95% CI)**   **(95% CI)**   **(95% CI)**   **(95% CI)**   **(95% CI)**   **(95% CI)**   **(95% CI)**   **(95% CI)**

  **Baseline**                   **1**          8.13\          8.34\          5.33\          5.42\          6.47\          5.47\          15.8\          19.2\
                                                (7.16, 9.24)   (6.71, 10.4)   (5.08, 5.60)   (5.00, 5.86)   (5.31, 7.89)   (4.80, 6.24)   (11.7, 21.5)   (10.9, 33.9)

                                 **2**          8.97\          8.49\          5.85\          5.17\          7.45\          5.54\          16.9\          21\
                                                (7.80, 10.3)   (6.73, 10.7)   (5.18, 6.60)   (4.83, 5.53)   (5.95, 9.33)   (4.69, 6.56)   (12.3, 23.1)   (11.5, 38.2)

                                 **3**          8.48\          9.22\          6.24\          5.95\          6.84\          6.83\          14.5\          19.4\
                                                (7.58, 9.50)   (7.33, 11.6)   (5.57, 6.99)   (5.04, 7.02)   (5.81, 8.06)   (4.84, 9.65)   (11.2, 18.7)   (11.4, 33.1)

                                 **4**          6.89\          6.84\          5.64\          5.39\          5.83\          5.08\          10.1\          11.7\
                                                (6.29, 7.55)   (5.88, 7.95)   (5.20, 6.11)   (4.92, 5.91)   (5.17, 6.56)   (4.92, 5.23)   (8.03, 12.7)   (7.74, 17.6)

  **28 d after vaccination 3**   **1**          43\            8.51\          56.6\          6.06\          28.5\          6.36\          48.7\          16.2\
                                                (36.4, 50.8)   (6.93, 10.4)   (46.5, 68.9)   (4.93, 7.46)   (21.4, 37.9)   (5.12, 7.89)   (33.6, 70.4)   (9.77, 27.0)

                                 **2**          69.7\          8.17\          101\           5.88\          48.7\          6.17\          66.9\          15.2\
                                                (59.6, 81.7)   (6.60, 10.1)   (81.7, 125)    (5.15, 6.72)   (37.4, 63.5)   (5.03, 7.58)   (47.9, 93.5)   (8.61, 27.0)

                                 **3**          96\            8.89\          136\           6.54\          71.4\          8.1\           88.4\          13.3\
                                                (84.3, 109)    (7.17, 11.0)   (114, 162)     (5.20, 8.22)   (56.3, 90.7)   (5.66, 11.6)   (68.6, 114)    (8.22, 21.7)

                                 **4**          100\           7.75\          104\           7.2\           79.2\          6.45\          122\           10\
                                                (88.7, 113)    (6.55, 9.17)   (87.2, 125)    (5.74, 9.05)   (64.2, 97.8)   (4.89, 8.53)   (96.5, 155)    (6.96, 14.4)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### **Table 4.** Seropositivity against at least one, two, three or four dengue virus serotypes: percentage \[95% CI\] of participants available for each endpoint with titers ≥ 10 1/dil) 28 d after the third vaccination by age and vaccine group (full analysis set: CYD-TDV n = 438; Control n = 147; using participants available for each endpoint)

  ------------------------------------------------------------------------------------------------------------------------------------------------------
  Number of serotypes                         Age group                                                                                   
  ---------------------------- -------------- -------------- --------------- -------------- -------------- -------------- --------------- --------------
  At least one serotype        26.5\          32.4\          19.6\           26\            13.5\          15.2\          46.5\           55.1\
                               (22.3, 30.9)   (24.9, 40.7)   (13.5, 26.9)    (14.6, 40.3)   (8.3, 20.2)    (6.3, 28.9)    (38.1, 55.0)    (40.2, 69.3)

  At least two serotypes       15.3\          14.5\          6.1\            0\             7.8\           4.3\           32.4\           38.8\
                               (12.0, 19.1)   (9.2, 21.3)    (2.8, 11.2)     (0.0, 7.1)     (4.0, 13.5)    (0.5, 14.8)    (24.8, 40.8)    (25.2, 53.8)

  At least three serotypes     11.8\          11.7\          2\              0\             7.1\           2.2\           26.8\           32.7\
                               (8.9, 15.3)    (7.0, 18.1)    (0.4, 5.8)      (0.0, 7.1)     (3.5, 12.7)    (0.1, 11.5)    (19.7, 34.8)    (19.9, 47.5)

  All four serotypes           8.8\           7.6\           0.7\            0\             5\             0\             21.1\           22.4\
                               (6.3, 11.9)    (3.8, 13.2)    (0.0, 3.7)      (0.0, 7.1)     (2.0, 10.0)    (0.0, 7.7)     (14.7, 28.8)    (11.8, 36.6)

  **28 d after vaccination**                                                                                                               

  At least one serotype        99.3\          43.5\          100\            51.1\          97.8\          25.6\          100\            53.5\
                               (97.9, 99.8)   (34.9, 52.4)   (97.5, 100.0)   (35.8, 66.3)   (93.6, 99.5)   (13.5, 41.2)   (97.1, 100.0)   (37.7, 68.8)

  At least two serotypes       97.3\          15.3\          99.3\           4.4\           94.8\          9.3\           97.6\           32.6\
                               (95.2, 98.6)   (9.6, 22.6)    (96.2, 100.0)   (0.5, 15.1)    (89.6, 97.9)   (2.6, 22.1)    (93.3, 99.5)    (19.1, 48.5)

  At least three serotypes     87.2\          12.2\          96.5\           0\             80.7\          9.3\           83.5\           27.9\
                               (83.5, 90.3)   (7.1, 19.1)    (92.1, 98.9)    (0.0, 7.9)     (73.1, 87.0)   (2.6, 22.1)    (75.8, 89.5)    (15.3, 43.7)

  All four serotypes           66.5\          9.9\           84\             0\             57\            7\             56.7\           23.3\
                               (61.7, 71.1)   (5.4, 16.4)    (77.0, 89.6)    (0.0, 7.9)     (48.2, 65.5)   (1.5, 19.1)    (47.6, 65.5)    (11.8, 38.6)
  ------------------------------------------------------------------------------------------------------------------------------------------------------

###### **Table 5.** PRNT~50~ antibody responses for each of the four dengue virus serotypes (95% CI) before and 28 d after the first and second CYD-TDV vaccinations in two separate cohorts of the CYD-TDV group

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Timepoint                    Endpoint             CYD-TDV group, Cohort 1\   CYD-TDV group, Cohort 2\                                                                              
                                                    (n = 217)                  (n = 221)                                                                                             
  ---------------------------- -------------------- -------------------------- -------------------------- -------------- -------------- -------------- -------------- -------------- -------------
  **28 d after first dose**    **GMT**              9.91\                      16.9\                      28.2\          65.8\          ND             ND             ND             ND
                                                    (8.00; 12.3)               (13.1; 21.7)               (22.0; 36.1)   (49.2; 88.0)                                                

                               **Seropositivity**   22.5\                      39.0\                      58.8\          67.3\                                                       
                                                    (17.1; 28.7)               (32.4; 45.9)               (51.8; 65.5)   (60.5; 73.6)                                                

  **28 d after second dose**   **GMT**              ND                         ND                         ND             ND             24.4\          50.8\          70.3\          104\
                                                                                                                                        (18.8; 31.8)   (39.6; 65.3)   (57.1; 86.5)   (83.7; 130)

                               **Seropositivity**   56.3\                      78.8\                      87.4\          87.4\                                                       
                                                    (49.2; 63.1)               (72.7; 84.2)               (82.1; 91.6)   (82.1; 91.6)                                                
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ND, not determined

In the control group, serotype-specific dengue antibody responses remained largely similar to baseline. The proportion who were seropositive against at least one serotype increased from 32.4% (95% CI: 24.9, 40.7) to 43.5% (95% CI: 34.9, 52.4); 10 children and four adolescents seroconverted for at least one serotype during the vaccination period.

Discussion
==========

The WHO estimates that 2.5 billion people are at risk for dengue infection worldwide,[@R6] although a more recent estimate suggests that the at-risk population could comprise more than 3 billion people.[@R8]^,^[@R32] Consequently, the entry of a dengue vaccine candidate into the latter stages of a clinical trial program is a long-awaited and exciting development. The present study of CYD-TDV in children, adolescents, and adults undertaken in Singapore, a country of fluctuating dengue endemicity, complements the findings from other studies.[@R19]^-^[@R23]^,^[@R33]

This multicenter trial is a key element of a global, phase II clinical trial program designed to evaluate the safety and immunogenicity of the live, attenuated dengue vaccine candidate CYD-TDV across different settings in South America and Asia.[@R15] It is the largest Phase II safety and immunogenicity trial of a candidate dengue vaccine conducted to date. The strengths of this investigation include its basis in a large, randomized population, covering the various age ranges (adults, adolescents, and children as young as 2 y old) of individuals who could benefit from a vaccine that protected against dengue disease in countries with low dengue endemicity.

Our study showed that, in a predominantly dengue-naïve population, three doses of CYD-TDV elicited a balanced, neutralizing antibody response against all four dengue serotypes and with a satisfactory safety profile compared with two licensed control vaccines. Overall, the results were consistent with those of a randomized, controlled phase I trial of the safety and immunogenicity of CYD-TDV in dengue-naïve children, adolescents, and adults in Mexico City---a non-endemic area for dengue---with a similar protocol to that used in the present study.[@R33]

In our study, participants of all ages demonstrated a robust immune response to CYD-TDV, though a stronger response was observed in children and adults than in the adolescent group. CYD-TDV has been shown to elicit a strong immune response in a dengue-immune population including adolescents and adults[@R34] and in flavivirus-vaccinated adult individuals,[@R19] highlighting the benefit of pre-existing flavivirus immunity on the immunogenicity of CYD-TDV. In addition, as found in Mexico City,[@R33] there was a somewhat lower response to CYD-TDV vaccination in adolescents and adults in dengue-naïve populations. The apparent difference in response between adolescents and adults may be explained by the low prevalence of dengue-immunity among adolescents in our study (13.5%). No published data are available for baseline seroprevalence in this age group in the general population in Singapore, although in 2007 baseline seroprevalence in outbreak areas was 16.8%, which is likely to be higher than that in the general population (Lee Ching NG, National Environment Agency, Singapore; personal communication). We suspect that the low rate of dengue-immune adolescent participants may reflect the unique epidemiological profile of dengue disease within Singapore, a country with fluctuating endemicity levels that lie between the high endemicity seen in countries such as Vietnam and the lower levels found, for example, in the USA. Another factor that may explain the lower response to CYD-TDV in adolescents compared with that observed in children and adults might be the balanced sex distribution in the adolescent age group (male:female ratio, 1.014), compared with a slight predominance of females in the two other age groups (male:female ratios in children and adults were 0.795 and 0.609, respectively). Several studies report greater humoral and cell-mediated immune responses to vaccination in females than in males, possibly due to a negative effect of androgens on the immune response.[@R35]

CYD-TDV had a favorable safety profile in the different age cohorts employed in the present study. It is most likely that the one reported case of tension headache secondary to untreated allergic rhinitis in a 9-y-old boy receiving TDV and considered to be possibly related to the study vaccine by the investigator was coincidental. The 42-y-old woman with clinically suspected dengue fever is intriguing, and further investigations conducted to assess alternative etiologies were negative. When tested by dengue PRNT~50~, the acute serum sample revealed titers more than 10-fold higher than those seen post-dose 3, suggesting that a dengue infection had been contracted between these two time points. There was no further increase in titer between the acute and convalescent samples, although it should be noted that the acute sample was collected late (Day 7) after fever onset. The late collection of the acute sample after the onset of fever may also explain the variance among dengue virological assay results.

The participants enrolled in this study are being followed for 4 y after the third vaccination with the objective of documenting the long-term safety of CYD-TDV and the persistence of humoral and cellular immunity. The present study showed good retention of the participants to secure the 4 y' follow-up, with only 7.3% of the enrolled population (equally distributed between CYD-TDV and control groups) not completing the vaccination phase of the study. Many withdrawals were not vaccine-related, most being due to employment commitments, overseas relocation or non-compliance with the protocol as a result of pregnancy.

In conclusion, this large phase II study of a live-attenuated, tetravalent, recombinant dengue vaccine in a broad age range of participants confirms that the overall safety profile of CYD-TDV is satisfactory in terms of reactogenicity and AEs. Furthermore it supports the use of a three-dose CYD-TDV regimen to elicit neutralizing antibody responses against all four dengue virus serotypes, particularly for populations that are mainly dengue-naïve before vaccination. Variability in the immune responses according to serotype and age group, observed particularly before the third vaccination, are consistent with observations from other phase I and phase II trials. Our results support the continued development of CYD-TDV for the prevention of dengue disease, and herald the promise of a commercially available vaccine in the coming years.

Methods
=======

Participants and ethical conduct
--------------------------------

The study was conducted in pediatric and medical departments of five hospitals in Singapore. The vaccination period was April 2009 to October 2010. Individuals aged 2--45 y and in good health based on medical history and physical examination were eligible. Participants were ineligible if they: had febrile illness (temperature ≥ 37.5°C) or moderate or severe acute illness/infection on the day of the first vaccination; had any immunodeficiency or chronic illness that could interfere with the trial results; were in receipt of blood or blood-derived products in the previous 3 mo that might interfere with the assessment of immune responses; were in receipt (or planned receipt) of any vaccine in the 4 weeks preceding and following the first trial vaccination; had a history of thymic disease or myasthenia; had a previous hepatitis-A vaccination (for children aged \< 12 y); or planned to move to another country or participate in another clinical trial within 18 mo of enrolment in the present study.

Contraindications to receiving the second or third CYD-TDV dose included evidence of systemic hypersensitivity (especially to egg proteins or neomycin) to the previous study vaccination, an ongoing clinical AE or biological abnormality related to the previous study vaccination or SAE related to the trial vaccine after the previous study vaccination.

Pregnant or breast-feeding women were also excluded from all vaccinations. In addition, all enrolled post-pubertal women were required to have a negative urine pregnancy test and to use an effective method of contraception (or abstinence from sexual intercourse) for ≥ 4 weeks before the first vaccination and until ≥ 4 weeks after the last vaccination. Women who became pregnant during the course of the study were not re-vaccinated.

The trial was conducted in accordance with the Declaration of Helsinki, International Conference of Harmonization guidelines for Good Clinical Practice, applicable national and local requirements, and was registered with ClinicalTrials.gov (NCT00880893).

Participants aged 21 y or older, and the parents or legal representative of participants younger than 21 y old, provided written informed consent. Furthermore, participants aged 6--12 y were also asked to provide their written assent. If a participant or his/her parent/legal representative were unable to read and sign the informed consent or assent form, it was signed by an impartial witness.

The study protocol and consent forms were approved by two local Independent Ethics Committees (Domain E, Domain Specific Review Board and Singhealth Centralised Institutional Review Board). The study sites fulfilled criteria set out in WHO guidelines for clinical evaluation of dengue vaccines in endemic areas and the study was conducted in accordance with the draft guidelines of the WHO Expert Committee on Biological Standardization, which were adopted in October 2011.[@R36]^-^[@R38]

Trial design
------------

This was a randomized, controlled, multicenter, Phase II trial. Participants were divided into three age groups: children (aged 2--11 y), adolescents (aged 12--17 y) and adults (aged 18--45 y). Recruitment tools included direct mailing, poster and flyer campaigns at hospitals, clinics, and on trains and buses, as well as magazine and radio advertisements. Children and adolescents were also recruited from campaigns within kindergartens, primary schools, and secondary schools.

At enrolment, participants were randomized 3:1 (CYD-TDV group: control group), to receive subcutaneous doses of CYD-TDV (Sanofi Pasteur) containing approximately 5 log~10~ cell culture infectious dose 50% of each of the four CYD dengue vaccine viruses per 0.5-mL dose or a control vaccine. A randomization list assigning inclusion numbers to one of the vaccine groups was generated by block randomization, with stratification by age group and trial center, using the Proc Plan procedure (SAS version 8.2). Enrolled participants were sequentially attributed inclusion numbers using an interactive voice-recognition system (IVRS) before vaccination. An IVRS was then used a second time together with the attributed inclusion number by separate trial personnel who were not involved in the safety assessments to be informed which product to administer. The investigator remained blind for this first, 0.9% saline placebo-controlled injection. For the second and third vaccinations, participants allocated to the CYD-TDV group received two additional subcutaneous doses of CYD-TDV, whereas in the control group, commercial batches of vaccines licensed in Singapore were used. Participants aged \< 12 y at inclusion received intramuscular doses of hepatitis-A vaccine (inactivated virus; Havrix^®^ pediatric formulation 720, GSK; 2 × 0.5-mL doses) and those aged ≥ 12 y received subcutaneous inactivated influenza vaccine (Vaxigrip^®^, Sanofi Pasteur; 2 × 0.5-mL doses) compliant with the WHO recommendations for Northern and Southern hemisphere formulations for 2009. Investigators knew which vaccine was administered due to the different vaccination route for children. However participants were not informed of which vaccine was given, and assuming that children cannot distinguish between an intramuscular and a subcuteanous injection, we considered that the administration of second and third vaccinations was single-blinded.

Vaccines were administered at visits 0, 6 and 12 mo. At these visits, participants underwent physical examination and pregnancy tests before vaccination and blood samples were taken. The first 600 participants (CYD-TDV group n = 450, control group n = 150; 200 from each of the three age groups) were included in the assessment of the humoral immune response to the parental dengue strains used to engineer the CYD-TDV recombinant vaccine viruses. These participants were randomly allocated to cohort 1 (n = 300) or cohort 2 (n = 300) with different time points for blood sampling. For participants randomized to the immunogenicity subset, blood samples were taken before and 28 d after the first and third vaccinations (cohort 1), and before the first and second vaccinations and 28 d after the second and third vaccinations (cohort 2). Participants also received four follow-up telephone calls (8 d after the first and second vaccinations, and 3 mo and 6 mo after the last vaccination).

Immunogenicity, virological and serological analyses were undertaken at Global Clinical Immunology (GCI) Sanofi Pasteur, (Swiftwater) with diagnostic enzyme immunosorbent assay (ELISA) testing performed at the Center for Vaccine Development, (University of Mahidol), a WHO Reference laboratory on serology and virology for dengue and JE viruses. All testing was done by personnel blinded to the treatment groups.

Endpoint assessments
--------------------

### Safety and reactogenicity

The analysis of safety included all trial participants. After each vaccination, participants were observed for 30 min and any AEs during this period were recorded. Each participant or parent was provided with a thermometer, a ruler, and a diary card to record AEs in a similar manner to that used in phase I studies with a TDV.[@R21]^,^[@R33]^,^[@R34] Solicited injection-site and systemic reactions were monitored 7 d and 14 d post-vaccination, respectively, and rated on a three-grade intensity scale ([Table 6](#T6){ref-type="table"}). Participants and parents were also asked to record unsolicited (spontaneously reported) AEs occurring within 28 d after injection on the diary cards. SAEs were monitored throughout the study and for up to 6 mo after the last vaccination. Investigators assessed any potential relationship to the vaccine for all reported AEs, reviewed laboratory results, and assessed the clinical significance of any abnormal values. An IDMC reviewed SAEs from this study, together with SAEs from other studies from the sponsor's global dengue clinical trial program every 2 weeks (monthly from January 2010), AEs quarterly, and undertook prompt review of related or possibly related SAEs.

###### **Table 6.** Definitions of solicited injection-site and systemic reactions

  ---------------------------------------------------------------------------------------------------------------------------------
  Reactions                                  Definitions
  ------------------------------------------ --------------------------------------------------------------------------------------
  Pain                                       Grade 1: easily tolerated\
                                             Grade 2: sufficiently discomforting to interfere with normal behavior or activities\
                                             Grade 3: Incapacitating, unable to carry out usual activities

  Erythema and swelling                      Grade 1: adults/adolescents: ≥ 2.5 cm to ≤ 5 cm; children: \< 2.5 cm\
                                             Grade 2: adults/adolescents: ≥ 5.1 cm to ≤ 10 cm; children: 2.5--4.9 cm\
                                             Grade 3: adults/adolescents: \> 10 cm; children: ≥ 5 cm

  **Solicited systemic reactions**           

  Fever                                      Grade 1 ≥ 38°C to ≤ 38.4°C\
                                             Grade 2: ≥ 38°5C to ≤ 38. 9°C\
                                             Grade 3: ≥ 39.0°C

  Headache, malaise, myalgia, and asthenia   Grade 1: No interference with activity\
                                             Grade 2: Some interference with activity\
                                             Grade 3: Significant; daily activity prevented
  ---------------------------------------------------------------------------------------------------------------------------------

### Post-vaccination viremia and biological investigations for febrile episodes

Participants who reported febrile episodes (defined as fever ≥ 38°C on at least 2 consecutive days since the last visit) occurring within 28 d after each vaccination were assessed for dengue vaccine viremia and wild-type dengue viremia by qRT-PCR as well as biochemical and hematological parameters. In these cases, an additional blood sample was taken within 5 d after the onset of fever (acute-phase serum). Vaccine viremia qRT-PCR assays consisted of a screening assay to detect the YF component of the vaccine and four subsequent CYD serotype-specific assays.[@R38] Virological detection of wild-type dengue was undertaken using qRT-PCR and dengue NS1 Antigen ELISA (Platelia™, Biorad Laboratories).[@R39] For the qRT-PCR, a screening assay to detect any wild-type dengue (developed based upon TaqMan chemistry)[@R40] and four subsequent serotype-specific wild-type dengue qRT-PCR assays were applied.

### Pregnancy follow-up

Women withdrawn from the study because of pregnancy were followed up to report on any complications and the outcome of the pregnancy.

Hospitalization for suspected dengue disease
--------------------------------------------

The occurrence of hospitalized suspected dengue cases was reported throughout the trial. Dengue cases were identified by passive surveillance during planned visits or telephone calls at least every 4 mo. Subjects were recalled to the study center as soon as possible in case of dengue suspicion. Definition of a hospitalized dengue case was acute febrile illness (temperature ≥ 38°C) on at least 2 consecutive days, without evidence of localized infection and with signs indicating severity necessitating hospitalization. Dengue case confirmation was based on the dengue diagnostic testing results performed on paired acute and convalescent samples (i.e., NS1 antigen ELISA and/or dengue wild-type serotype-specific qRT-PCR as well as dengue IgM/IgG ELISA in acute sample taken within 5 d after the onset of fever and dengue IgM/IgG ELISA in convalescent sample taken 7--14 d after). In addition, biological parameters (i.e., hematology and liver function test) and routine dengue diagnostic tests (i.e., dengue IgM/IgG) were performed locally for dengue case management purpose.

Virological testing and serological testing were performed using commercially available dengue NS1 ELISA (PlateliaTM dengue NS1 Antigen from Bio-Rad) and dengue ELISA-specific IgM and IgG kits (EL1500G and EL1500M; Focus Diagnostics Inc.). Cases were classified as virologically "confirmed" (positive dengue NS1 antigen ELISA and/or dengue wild-type serotype-specific qRT-PCR) or "probable" based on serological criteria (positive for IgM and/or 4-fold rise of IgG antibody titers between acute and convalescent samples). IDMC undertook prompt review of hospitalized dengue cases.

Immunogenicity
--------------

Neutralizing antibody levels against the four dengue serotype parental strains of TDV were assessed using a PRNT~50~ compliant with WHO guidelines.[@R41]^,^[@R42] Serial, 2-fold dilutions of heat-inactivated serum were mixed with a constant challenge dose of each of the four CYD-TDV dengue serotypes. The mixtures were inoculated into wells of a 24-well microplate of confluent Vero cells. After adsorption, cell monolayers were overlaid with carboxymethylcellulose and incubated for several days. Plaques were then fixed, immunostained, and numerated in each well. The formation of infected foci indicated the presence of cells infected with dengue virus. The neutralizing antibody GMT were calculated and expressed as the highest reciprocal serum dilution at which the mean count of infective foci was reduced by 50% compared with the mean viral focus count obtained from the control wells. The lower limit of quantitation of the assay was 10 \[1/dil\]. Samples with lower limit of quantitation titers ≥ 10 were considered to be seropositive. The percentage of participants with seropositive samples was used to provide the seropositivity rate.

Sample size and study populations
---------------------------------

The planned study sample size of 1,200 volunteers, comprising 400 participants in each age group (900 CYD-TDV group; 300 control group), was set arbitrarily to provide a 95% probability of observing a safety event that had a true incidence of 0.3% for the CYD-TDV Group (1% in each age stratum by the rule of three). This sample size also had \> 80% power to detect a difference of 10% between the CYD-TDV and control groups.

All planned analyses were descriptive with no hypothesis testing. Analyses were performed on all available data, with no replacement of missing data. The full analysis set (FAS) for immunogenicity comprised participants who received at least one dose of CYD-TDV or control vaccine, had a blood sample taken, and had a result available after vaccination. The safety analysis set (SAS) comprised participants who received at least one dose of CYD-TDV or control vaccine.
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AE

:   adverse reaction

ELISA

:   enzyme immunosorbent assay

FAS

:   full analysis set

GMT

:   geometric mean titer

IDMC

:   Independent Data Monitoring Committee

LMP

:   last menstrual period

PRNT~50~

:   50% plaque reduction neutralization test

qRT-PCR

:   quantitative reverse transcription-polymerase chain reaction

RT-PCR

:   reverse transcription-polymerase chain reaction

SAE

:   serious adverse event

SAS

:   safety analysis set

TDV

:   tetravalent dengue vaccine

WHO

:   World Health Organization
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